 The optimized molecular structure, natural bond orbitals (NBO) analysis, HOMO-LUMO analysis and nonlinear optical properties of the L-proline trichloroacetate molecule have been calculated by the density functional theory (DFT) method using the B3LYP function with the 6-31G(d) basis set.
INTRODUCTION
Recently, crystal growth and detailed characterization on the properties of L-proline trichloroacetate (LPTC) crystal, a salt of the amino acid L-proline, have been reported [1, 2] . Proline, one of the 20 naturally occurring amino acids, has a peculiar structure, since it is the only cyclic amino acid among them; the amino group is part of a pyrrolidine ring, making it less flexible, restricting the local conformation freedom, and lowering the number of possible conformers. The ability of proline to form different intramolecular hydrogen bonds is due to its conformational versatility, caused by the capacity of reorientation of both −COOH and imine groups [3] . In the present work, quantum chemical computations based on the density functional theory (DFT) have been performed. The optimized molecular geometry, HOMO-LUMO and natural bond orbital analysis, the first hyperpolarizability (β 0 ) and related properties (μ, α 0 ) were calculated.
COMPUTATIONAL METHODS
DFT computations were performed by using the closed-shell Becke-Lee-Yang-Parr hybrid exchange-correlation three-parameter functional (B3LYP) in combination with 6-31G(d) basis set to derive the complete geometry optimizations and normal-mode analysis on isolated entities [4, 5] . The first task of the computational work was to determine the optimized geometry ( Fig.1) , which represents an isolated molecule with stationary points in the potential surface; no imaginary frequencies were obtained which confirms the convergence. 
RESULTS AND DISCUSSION
The larger stabilization energies value (E(2)), the interaction between electron donors and acceptors is more intensive and greater the extent of conjugation of the whole system [6] . The intramolecular interactions are formed by the orbital overlap among n→σ*, n→π* and σ→σ* bond and orbital which results intramolecular charge transfer (ICT) causing stabilization of the system. From Table 1 , the hyperconjugative interaction n3(O18)→π*(O16-C17) is maximum which increases ED in O-C antibonding orbital (0.37045 e) that weakens the respective bond leading to stabilization energy of 105.32 kcal/mol. The interaction between lone pair n(O18) and the antibonding orbital σ*(N1-H15) shows the existence of N-H· · ·O intermolecular hydrogen bonding that have stabilization energies 11.00 kcal/mol and 77.08 kcal/mol for n1(O18)→σ*(N1-H15) and n2(O18)→σ*(N1-H15), respectively. In addition, the existence of intramolecular O-H· · ·O hydrogen bonds due to the n1(O16)→σ*(O14-H25) and n2(O16)→σ*(O14-H25) interactions have been confirmed with stabilization energies 12.39 kcal/mol and 25.68 kcal/mol, respectively. The intermolecular N-H· · ·O and O-H· · ·O hydrogen bonds are formed by the orbital overlap between the n(O) and σ*(N-H) and n(O) and σ*(O-H), respectively, causing stabilization of the H-bond systems. Therefore, it is apparent that these hydrogen bonds interactions significantly influence crystal packing with this molecule. Molecular orbitals can provide insight into the nature of reactivity, and some of the structural and physical properties of molecules. The atomic orbital components of the frontier molecular orbitals (highest occupied molecular orbital, HOMO and lowest unoccupied molecular orbital, LUMO) are shown in Fig.2 . The positive and negative phase is represented in red and green color, respectively. The HOMO-LUMO energy gap (6.5968 eV) explains the eventual charge transfer interactions taking place within the molecule, which reflects the chemical activity of the molecule and encourages the application of LPTC crystal as nonlinear optical materials. Non-linear optical (NLO) effects arise from the interactions of electromagnetic fields in various media to produce new fields altered in phase, frequency, amplitude or other propagation characteristics from the incident fields [7] . The total static dipole moment μ, the mean polarizability α 0 , the anisotropy of the polarizability Δα and the mean first hyperpolarizability β 0 , using the x, y and z components are defined: 
The mean polarizability α 0 and total polarizability Δα of LPTC are 18.0267×10
−24
esu and 36.2696×10 -24 esu respectively. The total molecular dipole moment and first order hyperpolarizability are 7.7112 Debye and 18.5151×10 -31 esu, respectively. These result (Table 2 ) indicated the good nonlinearity of the title molecule. 
CONCLUSIONS
Molecular properties have been calculated by using B3LYP methods with 6-31G(d) basis set in order to get an insight into the compound. The NBO analysis has revealed that the N-H· · ·O and O-H· · ·O intermolecular interactions significantly influence crystal packing in this molecule. Furthermore, the HOMO-LUMO analysis and NLO properties of the molecule show that the title molecule is an attractive object for future studies of nonlinear optical properties.
